There are few data on Pneumocystis carinii pneumonia (PCP) in critically ill human immunodeficiency virus (HIV)-negative patients. Improved knowledge of the presenting symptoms of and prognostic factors for PCP may help to reduce the high mortality rate associated with PCP in such patients. We retrospectively studied 39 consecutive patients with acute PCP-related respiratory failure and malignancy who were treated at 2 intensive care units ( 
miss PCP in patients with malignancy, for whom the presenting symptoms of PCP can differ markedly from those seen among HIV-positive patients [4] [5] [6] . Moreover, recent advances in the treatment of malignancy, including the use of more-intensive chemotherapy, allow patients with malignancy to live longer; however, at the same time, such treatment advances increase patient exposure to disease-and treatment-related lifethreatening complications, including PCP [7, 8] .
Acute respiratory failure is a complication of PCP in 5%-30% of cases and is associated with a high risk of in-hospital death [9, 10] . However, few studies have described PCP patterns in critically ill patients with malignancy [11, 12] . Moreover, these studies have included not only patients with malignancy but, also, patients with other causes of immunodeficiency [13] .
We retrospectively studied patients with malignancy who were admitted to 2 French intensive care units (ICUs) that followed the same standardized protocol for the management of patients with PCP. We pursued the dual objective of (1) describing patterns of PCP in patients with malignancy to help physicians make an earlier diagnosis, and (2) identifying predictors of mortality at 30 days after patient admission to the ICU (hereafter known as "30-day mortality") to assist physicians in selecting the best treatment strategy.
PATIENTS AND METHODS
We retrospectively reviewed the charts of patients with PCPrelated acute respiratory failure who were admitted to the ICUs of 2 university hospitals between 1 January 1989 and 1 May 1999. All patients who had clinical and/or radiological signs of pneumonia and who had positive results of either cytological tests or direct fluorescent antibody staining for P. carinii in samples of induced sputum or bronchoalveolar lavage (BAL) fluid were eligible for inclusion in the study.
Data collection. Data on age, sex, and comorbidities were abstracted from each medical record. Also recorded were the antimalignancy treatments that were used-in particular, cyclophosphamide, methotrexate, aracytine, fludarabine, highdose steroid therapy (prednisone equivalent, 11 mg/kg/day for у1 month), radiation therapy, and bone marrow transplantation. "Adequate PCP prophylaxis" was defined as administration of trimethoprim (20 mg/kg/day) plus sulfamethoxazole (100 mg/kg/day) for у3 days a week. The following data also were recorded: time from the onset of symptoms to initiation of specific treatment; patterns noted on chest radiographs; reasons for ICU admission; Simplified Acute Physiology Score II (SAPS II) [14] , Organ System Failure (OSF), and Organ Dysfunction and Infection (ODIN) scores at the time of admission to the ICU [15, 16] ; the results of routine laboratory tests to determine the lymphocyte count, the lactate dehydrogenase (LDH) level, and the arterial blood gas level while patients were breathing room air at admission; and whether MV was required at admission or within the first 48 h after admission. "Recent neutropenia" was defined by a neutrophil count of !50 neutrophils/mm 3 within the 10 days before admission. Radiographic patterns were classified as alveolar, alveolar-interstitial, or diffuse interstitial; the presence of pleural effusion and the number of lobes with radiographic involvement were recorded. "Shock" was defined by the presence of any of the following criteria: a sustained (11-h) decrease of у40 mm Hg in systolic blood pressure (SBP; with the decrease in SBP measured from the SBP noted at baseline), an SBP of !90 mm Hg after adequate fluid replacement, or the need for vasopressors.
PCP diagnosis and BAL evaluation. Bronchoscopy with BAL was performed by wedging the bronchoscope into a distal airway of the relevant bronchus (the middle lobe or lingula in patients with diffuse radiographic changes). The BAL fluid was immediately divided into aliquots for examination and culture and was dispatched to a cytology laboratory and a microbiology laboratory. Routine evaluation for P. carinii involved the use of 2 stains (toluidine blue O and May-Grünwald-Giemsa) and a specific immunofluorescence test. A positive result obtained by either method was considered to be evidence of PCP; none of the patients with negative stain results had a positive immunofluorescence test result. BAL fluid was also evaluated for the presence of opportunistic bacteria, viruses, fungi, other protozoa, and acid-fast bacteria. In the cytology laboratory, BAL fluid was cytocentrifuged ( cells per slide) and stained with 3 10 May-Grünwald-Giemsa stain for cell count determination and for cell typing as well as for identification and quantification of P. carinii.
Treatment of PCP involved the use of trimethoprim (20 mg/ kg/day) and sulfamethoxazole (100 mg/kg/day). Steroid therapy was added if deemed appropriate by the physician.
Statistical analysis. Results are reported either as medians and 25th and 75th percentiles or as proportions. Categorical variables were compared using the test, and continuous 2 x variables were compared using Wilcoxon's rank sum test for unpaired data. Univariate analysis was performed using logistic regression with the 30-day mortality rate as the outcome variable of interest. ORs and their 95% CIs were calculated. Statistical tests were performed using SPSS software, version 8.1 (SPSS).
was considered statistically significant. P ! .05
RESULTS

Characteristics of the patients at admission.
During the 16-month study period, 39 patients (20 men and 19 women) were admitted to the participating ICUs for PCP-related acute respiratory failure. For 10 patients, diagnosis was confirmed before admission to the ICU.
The median patient age was 52 years (range, 17-76 years). Twenty-eight patients (72%) had hematological malignancies, 7 (18%) had solid tumors, and 4 (10%) had nonmalignant hematological diseases (table 1) . Seven patients (18%) had a history of chronic respiratory failure, and 2 of these 7 patients had chronic renal failure. As shown in table 2, a total of 28 patients (72%) were receiving steroid therapy during hospitalization, and 32 (82%) had received antimalignancy chemotherapy within the past 6 months, with cyclophosphamide as the most commonly used agent (20 [51%] of patients), followed by methotrexate (8 [21%] of patients) and then by aracytine (4 [10%] of patients) and fludarabine (2 [5%] of patients). Five patients (13%) had received radiation therapy directed to the mediastinum. Of the 39 patients evaluated, 4 (10%) had no history of immunosuppressive treatment. Nineteen patients experienced complete remission, and 6 had received a bone marrow transplant. Despite the presence of risk factors for PCP, only 5 patients were receiving adequate prophylaxis. Characteristics of the acute disease at admission. The median time between diagnosis of the underlying disease and development of PCP (defined as "respiratory symptom onset") was 600 days (range, 1-3400 days). For 3 patients, PCP occurred before they received treatment for malignancy. The median time from respiratory symptom onset to diagnosis of PCP was 7 days (range, 1-64 days). Fever and acute tachypnea were the 2 most common clinical signs at admission (table 3) , and only one-third of patients presented with the classic triad of dry cough, dyspnea, and fever. The median lymphocyte count was 800 lymphocytes/mm 3 (range, 500-1200 lymphocytes/ mm 3 ). The median arterial partial pressure of oxygen while patients were breathing room air was 47 mm Hg (range, 52-99 mm Hg). The median LDH level was 1965 IU/L (range, 1380-2555 IU/L).
Cytological and microbiological findings. Diagnosis of PCP was made by examination of BAL fluid specimens obtained from 36 patients and induced sputum samples obtained from 3 patients. A high cell count was found in the BAL fluid specimens of 32% of the patients; the median cell count was 180,000 cells/mL (range, 120,000-350,000 cells/mL). In BAL fluid specimens obtained from 20 patients, 115% of cells were found to be neutrophils. For 11 patients, the number of P. carinii organisms recovered from BAL fluid was very small; for 16, it was small; and for only 9, it was large. Other pathogens were identified in 11 (28%) of the 39 patients (9 patients had pathogenic bacteria and 2 had cytomegalovirus [1 had viremia]).
Radiographic findings. Chest radiographs obtained at admission revealed consistently abnormal findings, showing unilateral involvement in 4 patients and bilateral involvement in 35. Radiographic patterns were alveolar-interstitial for 28 patients (72%), interstitial only for 9 patients (23%), and alveolar for 2 patients (5%). Five patients (13%) had pleural effusion. The median number of involved lobes was 2 (range, 1-3).
Findings and clinical events. The median SAPS II score at admission was 42 (range, 25-50). All patients had acute respiratory failure at the time of admission to the ICU, and 2 had shock. The median time from respiratory symptom onset to ICU admission was 6 days (range, 0-64 days). Seventeen patients (44%) needed MV, including 13 who needed MV within the first 24 h after admission. Of the 9 patients who received noninvasive MV, 4 subsequently required endotracheal MV. During the ICU stay, shock developed in 11 patients (28%); 8 of these 11 patients had documented bacteremia, whereas 3 had no evidence of infection other than PCP. Three patients (8%) experienced pneumothorax and required chest tube drainage. The median length of stay in the ICU was 7 days (range, 1-56 days).
Treatments. All 39 patients received intravenously administered high-dose trimethoprim (20 mg/kg/day) and sulfamethoxazole (100 mg/kg/day) as first-line therapy. Thirty-three patients (85%) received steroid therapy (240 mg/day for 3 days, with the dosage then tapered during the next 10 days, until no therapy was given). For 9 patients, continuous positive airway pressure was delivered within the first 48 h after admission to the ICU; all 9 patients survived, although 4 subsequently required endotracheal MV. Four patients who required MV survived, including 2 patients who needed 17 days of MV.
Outcome and prognostic factors. For survivors, the median length of stay in the ICU was 7 days (range, 1-56 days). The crude 30-day mortality rate was 33% (13 deaths). Univariate analysis identified 8 parameters associated with 30-day mortality (table 2) . Variables not associated with 30-day mortality included duration of respiratory symptoms, respiratory rate and hypoxemia at admission, receipt of steroids, and occurrence of pneumothorax.
DISCUSSION
Chagas and Carinii first identified P. carinii in the lungs of rats 180 years ago; 60 years ago, the organism was shown to be the cause of epidemic plasma cell pneumonitis in malnourished or premature infants [1] (from a search of the MEDLINE literature from 1966 through 2001). PCP is an opportunistic infection that is associated with substantial morbidity and mortality even when it is properly treated [5, 7, 8] . Because PCP is both severe and difficult to diagnose, we undertook this study to delineate the spectrum of features that require a high index of suspicion for this infection. Most of our patients had hematological diseases that were treated with antimalignancy chemotherapy. Only 1 patient had acute lymphoblastic leukemia, the hematological malignancy reported to be associated with the highest PCP attack rates [8] . A possible explanation for this small number of patients with acute lymphoblastic leukemia and PCP is that it is standard practice to routinely administer PCP prophylaxis to patients with acute lymphoblastic leukemia. Conversely, 3 patients had conditions previously found to be associated with a low risk of PCP (2 had chronic hemolytic anemia and 1 had CD4 lymphopenia), an observation possibly related to the increasing use of immunosuppressive agents for patients with these conditions. Hughes et al. [17] reported that the intensity of chemotherapy was directly proportional to the incidence of PCP. Moreover, it has been reported that, in patients with vasculitis and connective tissue diseases, diagnostic suspicion was an important factor in the correct identification of patients with pneumocystosis [13] . Strikingly, in our study focused on patients with malignancy, all patients had a history of receiving high-dose steroid therapy and/or antimalignancy chemotherapy. A worrisome finding is that, despite the presence of multiple major risk factors, only 5 patients (13%), all of whom were bone marrow transplant recipients, were receiving adequate PCP prophylaxis.
Clinical presentation of PCP varied widely. The median duration of PCP-related symptoms at the time of diagnosis of PCP was 7 days. Only one-third of the patients evaluated had the triad of fever, dyspnea, and dry cough classically described in HIV-positive patients. Of importance, all patients had abnormal findings noted on chest radiographs.
The clinical manifestations of PCP tend to be less acute and less severe among patients with AIDS, compared with patients with other causes of immunodeficiency [4] . Of interest, 84% of the patients in our study received adjunctive steroid therapy. Whereas this approach has been proven in patients with AIDS who have PCP, it has not been validated in patients with PCP related to other risk factors [11] . In their recent retrospective study of 30 HIV-negative adults with severe PCP, Pareja et al. [12] suggested that high-dose adjunctive steroid therapy possibly accelerated recovery but failed to improve the rates of endotracheal MV and in-hospital mortality. Similarly, we found no difference in the 30-day mortality rate for patients who did or did not receive steroid therapy. However, the data on steroid treatment and severity can be confounded.
Few data are available regarding HIV-negative patients admitted to ICUs for PCP. Moreover, factors associated with the prognosis of PCP in ICU patients have been studied only in HIV-positive patients. The present retrospective study sought to identify predictors of 30-day mortality in 39 ICU patients with acute respiratory failure related to PCP.
The 30-day mortality rate of 33% in our study is low compared with that of previous studies of PCP in HIV-negative ICU patients. One possible explanation for this low rate is that previous studies included only patients who were receiving MV [12] . Another possible explanation is the high rate of use of noninvasive MV as an alternative to endotracheal MV in our ICU.
The value of a high neutrophil count in BAL fluid specimens for the prediction of 30-day mortality is a striking finding of our study. In theory, recruitment of neutrophils to the air spaces could result either from a concomitant bacterial infection or from early-stage acute respiratory distress syndrome. Only 11 of our 39 patients had BAL fluid tests that were positive for bacteria, and only 3 of these 11 patients had a differential neutrophil count of 115% noted in a BAL fluid specimen. This finding is consistent with previous data for HIV-positive patients and for patients with acute respiratory distress syndrome associated with other causes [18, 19] .
In conclusion, PCP remains potentially fatal for patients with malignancy or hematological disease. Our findings highlight the clinical characteristics that may help physicians make an earlier diagnosis of PCP for HIV-negative immunocompromised patients with acute respiratory failure.
